Abstract. During two Atlantic cruises of the
for NMHC within 15 hours. The system was checked for possible contaminations, the stability of the samples in the containers and gas loss during sampling. The resulting errors of the alkene and alkane concentrations were less than 20 % and about 35 % for acetylene. After use, the containers were flushed three times with helium and evacuated. During the final evacuation step the containers were heated at about 370 K.
The dissolved hydrocarbons were stripped from the seawater sample with Helium (for details, cf. Plass et al. [1991] ). This allowed use of identical gas chromatographic techniques for the measurement of hydrocarbons in seawater and in the atmosphere. Details of the gas chromatographic techniques have been published elsewhere [Rudolph et al., 1986 Koppmann et al., 1992] . The hydrocarbons were cryogenically preconcentrated and the C2-C 4 hydrocarbons were separated on a packed column (6 m, 2 mm ID, Porapak OS, 100/120 mesh). The hydrocarbons were measured by a flame ionization detector (FID). The gas chromatographic system was calibrated by comparison with a reference air of known composition. The reproducibilities of the measurements were better than 30 % for the C2-C 4 hydrocarbons, the lower limits of detection were some pMol/L (10 -12 Mol per L seawater). 
Characterization of the Investigated Ocean Areas
In the mid-Atlantic regional differences in the physical, chemical, and biological parameters of the seawater exist mainly due to current systems and associated upwelling ( In the following we will calculate emission rates from the measurements of NMHC at 11 m depth. This is appropriate for most conditions except for the alkanes at wind velocities below 7 m/s.
Time Scales of Representative Oceanic Emissions
The emission rates calculated according to equations (1) The alkene destruction rate constants in Table 4 ( e The transfer velocity for ethene is also valid for acetylene and ethane within an error of 5%, but it is higher than the transfer velocities for the C 3 and C 4 hydrocarbons by about 15 % and 25 %, respectively.
Rates are in 107 molecules cm -2 s -1. Regional averages, standard deviations are in paranthesis.
to the production rates (Figure 9a ) an opposite pattern of the plankton biomass was found: a constant level during the 1988 cruise and high variability in 1989. There are no significant correlations between the biomass and the alkene production rates. Also, the averaged insolation is not significantly different between both cruises since they took place in the same season. Thus no simple correlation with either the biomass or the insolation or a combination of both can explain the latitudinal patterns and the differences observed in the production rates for both cruises. Additionally, proximity to the coastline of southwest Europe and northwest Africa is not associated with enhanced production rates.
Oceanic Emissions From the Mid-Atlantic
From our data we calculated actual and mean local emissions, as defined in section 4.2, for the investigated ocean areas. First, we will focus on the actual emissions. Table 5 lists the emission rates averaged for the various latitude ranges. For comparison, the emission rates given by Plass et al. [1992] Tables 5 and 6 ) differ by up to a factor of 3. However, as discussed above these deviations might be considerably higher for local emission rates (cf. Figure 7) . Table 7 presents the mean oceanic NMHC emissions for the area and season of our investigation. They are calculated from the mean local emissions of Table 6 [1988] for an area of the Indian Ocean. However, the large uncertainties conservatively estimated by Donahue and Prinn make the above difference insignificant. In the latter estimate also some heavier hydrocarbons were considered, but they contribute less than Compound 35øN-30øS 35øN-8øN 8øN-3øS 3øS-30øS 38øN-35øS 38øN-23øN 23øN-2øS Different alkenes are linearly correlated and a production mechanism similar for all alkenes seems reasonable. For the alkenes we have no indications for the existence of destruction processes in seawater, the dominant loss process seems to be the emission into the atmosphere. As a consequence, the concentrations of NMHC in seawater cannot be viewed independent from the local transfer rates into the atmosphere. High transfer rates deplete the oceanic mixed layer with resulting low NMI-IC concentrations and vice versa.
Regarding the production process, we have not observed enhanced production rates for alkenes in regions of high phytoplankton abundance, however, in a region of low phytoplankton abundance. It can be speculated, that high phytoplankton concentrations attenuate solar light and thus inhibit the photochemical production of alkenes.
The oceanic mixed layer represents a reservoir for atmospheric hydrocarbons with a characteristic time of depletion due to emission into the atmosphere of some 10 days. The emission rates may differ substantially between time scales of several hours and some 10 days, for example, up to an order of magnitude for local emission rates and factors of 2 or 3 in regional averages.
The total emissions of the C2-C 4 hydrocarbons from our data However, despite of some general features the production mechanism of NMHC in seawater is not yet understood. Investigations concerning the production mechanism and the seasonal and regional distribution of areas with high NMHC emissions are needed in order to better quantify the impact of oceanic emissions on local and global budgets of atmospheric MHC.
